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57 ABSTRACT 

Certain (1,3,2-dioxaphosphorinane methan) amine 
compounds, which are useful as flame retardant compounds, 
are disclosed. The compounds are particularly useful in 
polyurethane compositions. 
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CYCLIC PHOSPHORUS CONTAINING 
FLAME RETARDANT COMPOUNDS 

This application is a continuation of application Ser. No. 
07/963,537 filed Oct. 20, 1992, abandoned. 

BACKGROUND OF THE INVENTION 

This invention relates to novel cyclic phosphorus 
containing compounds and, in particular, to certain (1,3,2 
-dioxaphosphorinanemethan) amine compounds which are 
useful as fire retardant materials. The invention also relates 
to the use of the novel compounds as fire retardant materials. 

Cyclic phosphorus compounds including dioxaphospho 
rinanes are known to be effective flame retardant compounds 
for various synthetic resin compositions. U.S. Pat. No. 
4,073,767, to Birum, discloses cyclic phosphorus com 
pounds which include phosphorinane rings which are taught 
to be useful as flame retardants for polyurethanes, polyesters 
and polyamides. In U.S. Pat. No. 4,397,750, to Hancock, 
certain cyclic phosphonate esters are shown to be useful 
flame retardants for polypropylene and other polyolefins. 
This invention is directed to certain (1,3,2- 

dioxaphosphorinanemethan) amine compounds which are 
novel compositions and which are particularly useful as 
flame retardant materials for use in organic polymeric mate 
rials. Such as polyurethane foams, other compositions con 
taining polyurethane and compositions containing 
polyesters, Styrenic polymers, polyvinyl chloride, polyvinyl 
acetates or polycarbonates. These novel cyclic phosphorus 
compounds are of particular advantage over the prior art in 
that improved flame retardant characteristics Such as low 
Smoke and low Smoulder are provided and, when they are 
used in foams, the compounds increase the load bearing 
capabilities of the foams. 

SUMMARY OF THE INVENTION 

The general formula for the novel (1,3,2- 
dioxaphosphorinanemethan) amine compounds of the 
invention is: 

A-N-B- 
wherein A is 

CH-O O 
NII 
P-CH2-, 

CH-O 

R1 
N / 
C 

/ N 
R2 

R and R2 are independently Selected from the group con 
Sisting of hydrogen, halogen, alkyl groups having from 1 to 
4 carbon atoms, halogenated alkyl groups having from 1 to 
4 carbon atoms, aryland Substituted aryl groups having from 
6 to 8 carbon atoms and halogenated aryl and halogenated 
Substituted aryl groups having from 6 to 8 carbon atoms, Y 
is 1 or 2 and each B is independently Selected from the group 
consisting of hydrogen, alkyl groups having from 2 to about 
8 carbon atoms, halogenated alkyl groups having from 2 to 
about 8 carbon atoms, aryl and Substituted aryl groups 
having from 6 to about 8 carbon atoms and halogenated aryl 
and halogenated Substituted aryl groups having from 6 to 
about 8 carbon atoms. 
The invention also provides a process for the preparation 

of the novel (1,3,2-dioxaphosphorinanemethan) amine com 
pounds comprising the Steps of: 

(a) adding phosphorus trichloride to a mixture of a 
1,3-diol derivative and water and an organic Solvent at a 
temperature of from about 10 C. to about 60° C. to produce 
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2 
a 5,5-di-Substituted 1,3,2-dioxaphosphorinane-2-oxide hav 
ing the general formula: 

CH-O O 
NII 
P-H 

/ 
CH-O 

R1 
N / 
C 

/ N 
R2 

wherein R and R2 are independently Selected from the 
group consisting of hydrogen, halogens, alkyl groups having 
from 1 to 4 carbon atoms, halogenated alkyl groups having 
from 1 to 4 carbon atoms, aryl and Substituted aryl groups 
having from 6 to 8 carbon atoms and halogenated aryl and 
halogenated Substituted aryl groups having from 6 to 8 
carbon atoms, 

(b) purifying the 5,5-di-substituted 1,3,2- 
dioxaphosphorinane-2-oxide; 

(c) reacting the 5,5-di-substituted 1,3,2- 
dioxaphosphorinane-2-oxide, paraformaldehyde and an 
amine having the general formula: 
BNH, 

wherein Y is 1 or 2 and each B is independently selected 
from the group consisting of hydrogen, alkyl groups having 
from 2 to about 8 carbon atoms, halogenated alkyl groups 
having from 2 to about 8 carbon atoms, aryl and Substituted 
aryl groups having from 6 to about 8 carbon atoms and 
halogenated aryl and halogenated Substituted aryl groups 
having from 6 to about 8 carbon atoms, in an organic Solvent 
to produce a (1,3,2-dioxaphosphorinanemethan) amine com 
pound having the general formula: 
A-N-B- 

wherein A is 

CH-O O 
NI 
P-CH2-, 

CH-O 

R1 
N / 
C 

/ N 
R2 

R and R2 are independently Selected from the group con 
Sisting of hydrogen, halogens, alkyl groups having from 1 to 
4 carbon atoms, halogenated alkyl groups having from 1 to 
4 carbon atoms, aryland Substituted aryl groups having from 
6 to 8 carbon atoms and halogenated aryl and halogenated 
Substituted aryl groups having from 6 to 8 carbon atoms, Y 
is 1 or 2 and each B is independantly Selected from the group 
consisting of hydrogen, alkyl groups having from 2 to about 
8 carbon atoms, halogenated alkyl groups having from 2 to 
about 8 carbon atoms, aryl and Substituted aryl groups 
having from 6 to about 8 carbon atoms and halogenated aryl 
and halogenated Substituted aryl groups having from 6 to 
about 8 carbon atoms, and 
(d) purifying and drying the 

dioxaphosphorinanemethan) amine compound. 
Organic polymeric compositions containing the (13.2 

-dioxaphosphorinanemethan) amine compounds of the 
invention which have improved fire retardant properties are 
also provided. 

(1,3,2- 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The novel (1,3,2-dioxaphosphorinanemethan) amine 
compounds of the invention which are shown by the above 
general formula include 1,3,2-Dioxaphosphorinane-2- 
methanamine, N-butyl-N-(5,5-dimethyl-1,3,2- 
dioxaphosphorinan-2-yl)methyl)-5,5-dimethyl-, P,2- 
dioxide, 1,3,2-Dioxaphosphorinane-2-methanamine, N-(5, 
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5-dimethyl-1,3,2-dioxaphosphorinan-2-yl)methyl-5,5- 
dimethyl-N-phenyl-, P,2-dioxide; 1,3,2- 
Dioxaphosphorinane-2-methanamine, N,N-dibutyl-5,5- 
dimethyl-, 2-oxide, 1,3,2-Dioxaphosphorinane-2- 
methanimine, N-(5,5-dimethyl-1,3,2-dioxaphosphorinan 
2-yl)methyl-N-ethyl-5,5-dimethyl-, P, 2-dioxide; 1,3,2- 
Dioxaphosphorinane-2-methanamine, N-butyl-N-(5,5-di 
chloromethyl-1,3,2-dioxaphosphorinan-2-yl)methyl-5,5- 
di-chloromethyl-, P2-dioxide, 1,3,2-Dioxaphosphorinane 
2-methanamine, N-(5,5-di-chloromethyl-1,3,2- 
dioxaphosphorinan-2-yl)methyl-5.5 -di-chloromethyl-N- 
phenyl-, P, 2-dioxide, 1,3,2-Dioxaphosphorinane-2- 
methanamine, N,N-di-(4-chlorobutyl)-5,5-dimethyl-2- 
oxide, 1,3,2-Dioxaphosphorinane-2-methanimine, N-(5.5- 
dimethyl-1,3,2-dioxaphosphorinan-2-yl)methyl-N-(2- 
chloroethyl)-5,5-di(chloromethyl)-, P2-dioxide. 

The invention also provides a process for the preparation 
of the novel (1,3,2-dioxaphosphorinanemethan) amine com 
pounds comprising the Steps of: 

(a) adding phosphorus trichloride to a mixture of a 
1,3-diol derivative and water and an organic Solvent at a 
temperature of from about 10 C. to about 60° C. to produce 
a 5,5-di-Substituted 1,3,2-dioxaphosphorinane-2-oxide hav 
ing the general formula: 

CH-O O 
NII 
P-H 

/ 
CH-O 

R1 
N / 
C 

/ N 
R2 

wherein R and R are independently Selected from the 
group consisting of hydrogen, halogens, alkyl groups having 
from 1 to 4 carbon atoms, halogenated alkyl groups having 
from 1 to 4 carbon atoms, aryl and Substituted aryl groups 
having from 6 to 8 carbon atoms and halogenated aryl and 
halogenated Substituted aryl groups having from 6 to 8 
carbon atoms, 

(b) heating the 5,5-di-substituted 1,3,2- 
dioxaphosphorinane-2-oxide to remove hydrogen chloride, 
removing exceSS Solvent and purifying the 5,5-di-Substituted 
1,3,2-dioxaphosphorinane-2-oxide; 

(c) reacting the 5,5-di-substituted 1,3,2- 
dioxaphosphorinane-2-oxide, paraformaldehyde and an 
amine having the general formula: 
BNH, 

wherein Y is 1 or 2 and each B is independently selected 
from the group consisting of hydrogen, alkyl groups having 
from 2 to about 8 carbon atoms, halogenated alkyl groups 
having from 2 to about 8 carbon atoms, aryl and Substituted 
aryl groups having from 6 to about 8 carbon atoms and 
halogenated aryl and halogenated Substituted aryl groups 
having from 6 to about 8 carbon atoms, in an organic Solvent 
to produce a (1,3,2-dioxaphosphorinanemethan) amine com 
pound having the general formula: 
A-N-B- 

wherein A is 

CH-O O 
NII 
P-CH2-, 

CH-O 

R1 
N / 
C 

/ N 
R2 

R and R2 are independently Selected from the group 
consisting of hydrogen, halogens, alkyl groups having from 
1 to 4 carbon atoms, halogenated alkyl groups having from 
1 to 4 carbon atoms, aryl and Substituted aryl groups having 
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4 
from 6 to 8 carbon atoms and halogenated aryl and haloge 
nated Substituted aryl groups having from 6 to 8 carbon 
atoms, Y is 1 or 2 and each B is independently selected from 
the group consisting of hydrogen, alkyl groups having from 
2 to about 8 carbon atoms, halogenated alkyl groups having 
from 2 to about 8 carbon atoms, aryl and substituted aryl 
groups having from 6 to about 8 carbon atoms and haloge 
nated aryl and halogenated Substituted aryl groups having 
from 6 to about 8 carbon atoms; and 

(d) washing the (1,3,2-dioxaphosphorinanemethan) 
amine with a base, followed by purifying the (1,3,2- 
dioxaphosphorinanemethan) amine. 
The general reaction Sequence for the preparation of the 

(1,3,2-dioxaphosphorinanemethan) amine compounds of the 
invention is: 

wherein R and R2 are independently Selected from the 
group consisting of hydrogen, halogens, alkyl groups having 
from 1 to 4 carbon atoms, halogenated alkyl groups having 
from 1 to 4 carbon atoms, aryl and Substituted aryl groups 
having from 6 to 8 carbon atoms and halogenated aryl and 
halogenated Substituted aryl groups having from 6 to 8 
carbon atoms, and 

wherein A is 

CH-O O 
NII 
P-CH2-, 

CH-O 

R1 
N / 
C 

/ N 
R2 

R and R2 are independently Selected from the group con 
Sisting of hydrogen, halogens, alkyl groups having from 1 to 
4 carbon atoms, halogenated alkyl groups having from 1 to 
4 carbon atoms, aryland Substituted aryl groups having from 
6 to 8 carbon atoms and halogenated aryl and halogenated 
Substituted aryl groups having from 6 to 8 carbon atoms, Y 
is 1 or 2 and each B is independently Selected from the group 
consisting of hydrogen, alkyl groups having from 2 to about 
8 carbon atoms, halogenated alkyl groups having from 2 to 
about 8 carbon atoms, aryl and Substituted aryl groups 
having from 6 to about 8 carbon atoms and halogenated aryl 
and halogenated Substituted aryl groups having from 6 to 
about 8 carbon atoms. In addition, other elements Such as 
nitrogen, oxygen and Sulfur may be present as Substituents 
on the alkyl or aryl groups. 

In the first Step of the process, phosphorus trichloride was 
reacted with a 1,3-diol derivative in a mixture of the 1,3-diol 
derivative and water and a Suitable organic Solvent at a 
temperature of from about 10 C. to about 80 C., preferably 
at a temperature of from about 10 C. to about 60° C., and 
more preferably at a temperature of about 50° C., to produce 
an intermediate product, 5,5-di-Substituted 1,3,2- 
dioxaphosphorinane-2-oxide. Suitable 1,3-diol derivatives 
include, for example, 1,3-propylene glycol, 1,3-isobutylene 
glycol, neopentyl glycol and halogenated derivatives of 
these glycols Such as, for example, 2,2-bis(chloromethyl)- 
1,3-propane diol. Suitable organic Solvents include benzene, 
monochlorobenzene, toluene, Xylene and Similar aromatic 
compounds which do not react with phosphorus trichloride. 
In this procedure, the phosphorus trichloride must be added 
to the slurry below the Surface to prevent entrainment losses. 
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An illustrative example of this reaction provides neopentyl 
glycol to react with phosphorus trichloride to produce 5.5- 
dimethyl 1,3,2-dioxaphosphorinane-2-oxide. Another 
example provides 2,2-bis(chloromethyl)-1,3-propane diol to 
react with phosphorus trichloride to produce 5,5-di 
chloromethyl 1,3,2-dioxaphosphorinane-2-oxide. The 5.5- 
di-Substituted 1,3,2-dioxaphosphorinane-2-oxide was 
heated to remove hydrogen chloride and vacuum Stripping 
was used to remove exceSS Solvent. 
The product, 5,5-di-substituted 1,3,2- 

dioxaphosphorinane-2-oxide, was purified. The product 
with lower molecular weight Substituents may be distilled at 
a temperature within the range of from about 100 to about 
140 C., preferably at a temperature of about 110° C., at a 
pressure of from about 0.1 mm. to about 5.0 mm. of mercury 
and the Still bottoms may be recycled to increase yields and 
reduce waste. During distillation the still bottoms should be 
maintained at a temperature of approximately 140 C. or 
less. If the product has higher molecular weight Substituents, 
other purification methods may be used. Air leaks must be 
minimized, by any known methods, during the distillation as 
exposure to air and moisture will cause decomposition of the 
5,5-di-Substituted 1,3,2-dioxaphosphorinane-2-oxide. 

In the final step of the process, the 5,5-di-substituted 
1,3,2-dioxaphosphorinane-2-oxide produced in the first Step 
of the proceSS was reacted with paraformaldehyde and a 
primary or Secondary amine Such as, for example 
n-butylamine, in an organic Solvent to produce a (1,3,2- 
dioxaphosphorinanemethan) amine compound having the 
general formula: 
A-N-B- 

wherein A is 

CH-O O 
NII 
P-CH2-, 

CH-O 

R1 
N / 
C 

/ N 
R2 

R and R2 are independently Selected from the group con 
Sisting of hydrogen, halogens, alkyl groups having from 1 to 
4 carbon atoms, halogenated alkyl groups having from 1 to 
4 carbon atoms, aryland Substituted aryl groups having from 
6 to 8 carbon atoms and halogenated aryl and halogenated 
Substituted aryl groups having from 6 to 8 carbon atoms, Y 
is 1 or 2 and each B is independently Selected from the group 
consisting of hydrogen, alkyl groups having from 2 to about 
8 carbon atoms, halogenated alkyl groups having from 2 to 
about 8 carbon atoms, aryl and Substituted aryl groups 
having from 6 to about 8 carbon atoms and halogenated aryl 
and halogenated Substituted aryl groups having from 6 to 
about 8 carbon atoms. An acid catalyst may be used to 
facilitate the reaction. 
Any Suitable organic Solvent Such as, for example, toluene 

and Xylene may be used. The 1,3,2-dioxaphosphorinane-2- 
oxide and the amine react at a temperature within the range 
of from about 10 C. to about 100° C. and the range of from 
about 40° C. to about 60° C. is preferred. 
The (1,3,2-dioxaphosphorinanemethan) amine compound 

was washed with a base and the material was filtered and 
purified. High molecular weight compounds may be purified 
by Washing, for example with an alcohol and then with 
water, before they are dried. Low molecular weight com 
pounds may be purified by distillation. 

If the preferred raw materials are used in the proceSS 
described above, in first Step of the process, phosphorus 
trichloride was reacted with a mixture of 2,2-bis 
(chloromethyl)-1,3-propane diol and water to produce 5.5- 
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6 
di-chloromethyl 1,3,2-dioxaphosphorinane-2-oxide. In the 
final step of the process the 5,5-di-chloromethyl 1,3,2- 
dioxaphosphorinane-2-oxide was reacted with paraformal 
dehyde and n-butylamine to produce a (1,3,2- 
dioxaphosphorinanemethan) amine compound having the 
formula 

Al-N-CH-CH-CH-CH 
wherein A is 

CHCI 
N / 
C 

/ N 
CHCI 

CH-O O 
NII 

CH-O 

The invention is illustrated by the following examples in 
which all of the parts and percents are by weight unless 
otherwise indicated. 

EXAMPLE I 

Preparation of 5,5-Dimethyl 1,3,2- 
Dioxaphosphorinane-2-Oxide 

A nitrogen purged, glass reaction flask was charged with 
226.2 grams of monochlorobenzene, 39 grams of water and 
226.2 grams of neopentylglycol. During a period of about 
3 hours, 298.8 grams of phosphorus trichloride were added. 
During the first one-third of the addition, the reaction is 
exothermic and the batch was cooled to maintain the tem 
perature between about 40 C. and about 50 C. After about 
one-third of the phosphorus trichloride was added, hydrogen 
chloride gas evolved at a Substantial rate and external 
cooling was no longer necessary as the evolution of hydro 
gen chloride gas is endothermic. The hydrogen chloride gas 
was sent to a water Scrubber. The reactor contents were kept 
at a temperature between about 40 C. and about 50 C. by 
heating the reactor and the addition of the phosphorus 
trichloride was continued at a rate that prevented foaming. 
After the addition of the phosphorus trichloride was 
completed, the temperature of the batch was raised to about 
110° C. at a rate slow enough to prevent excessive foaming 
as additional hydrogen chloride gas was eliminated. The 
batch was held at about 110° C. for about 30 minutes before 
Vacuum Stripping was started by gradually reducing the 
reactor pressure to between about 20 mm. and 25 mm. of 
mercury. Vacuum Stripping was continued until monochlo 
robenzene ceased to distill under these conditions. The 
remaining material was then Vacuum distilled at a tempera 
ture between about 110° C. and about 130 C. and at a 
preSSure between about 0.1 mm. and 2.0 mm. of mercury, 
with only a small forerun, to yield 300 grams of 5,5- 
dimethyl 1,3,2-dioxaphosphorinane-2-oxide. 

EXAMPLE II 

Preparation of a Compound Having the General 
Formula Al-N-B- 

A stirred reactor was charged with 0.30 moles of 5,5- 
dimethyl 1,3,2-dioxaphosphorinane-2-oxide and 0.15 moles 
of n-butylamine with toluene as a solvent and 0.30 moles of 
paraformaldehyde were Slowly added at room temperature 
or below. After the addition was completed, the mixture was 
slowly heated to about 50 C. until the reaction was com 
plete. The reagents may be added in any order and a Small 
amount of an acid catalyst may be used to facilitate the 
reaction. The product had the formula: 
Al-N-CH-CH-CH-CH 
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wherein A is 

CH3 
N / 
C 

/ N 
CH3 

CH-O O 
NII 

CH-O 

While certain preferred embodiments of the invention 
have been illustrated and described herein, it is to be 
understood that the invention is not limited thereby and that 
the invention may be variously practiced within the Scope of 
the following claims. 
We claim: 
1. A compound having the formula: 
A-N-B- 

wherein A is 

CH-O O 
NII 
P-CH2-, 

CH-O 

R1 
N / 
C 

/ N 
R2 

R and R2 are independently Selected from the group con 
Sisting of hydrogen, halogens, alkyl groups having from 1 to 
4 carbon atoms, halogenated alkyl groups having from 1 to 
4 carbon atoms, aryl and halogenated aryl groups having 
from 6 to 8 carbon atoms, Y is 1 or 2 and each B is 
independently Selected from the group consisting of 
hydrogen, alkyl groups having from 2 to about 8 carbon 
atoms, halogenated alkyl groups having from 2 to about 8 
carbon atoms, aryland halogenated aryl groups having from 
6 to about 8 carbon atoms and wherein the compound is a 
Solid at ambient temperature, and with the proviso that when 
Y is 2 and B is ethyl that R and R cannot both be methyl. 

2. The compound of claim 1 wherein R and R2 are each 
independently Selected from the group consisting of 
hydrogen, halogens, alkyl groups having from 1 to 4 carbon 
atoms and halogenated alkyl groups having from 1 to 4 
carbon atoms. 

3. The compound of claim 2 wherein R and R are 
chloromethyl. 

4. The compound of claim 1 wherein R and R2 are each 
independently Selected from the group consisting of 
hydrogen, halogens, aryl and halogenated aryl groups hav 
ing from 6 to 8 carbon atoms. 

5. A composition of matter comprising an organic poly 
meric material and a fire retardant amount of a compound 
having the formula: 
A-N-B- 

wherein A is 

CH-O O 
NII 
P-CH2-, 

CH-O 

R1 
N / 
C 

/ N 
R2 

R and R2 are independently Selected from the group con 
Sisting of hydrogen, halogens, alkyl groups having from 1 to 
4 carbon atoms, halogenated alkyl groups having from 1 to 
4 carbon atoms, aryl and halogenated aryl groups having 
from 6 to 8 carbon atoms, Y is 1 or 2 and each B is 
independently Selected from the group consisting of 
hydrogen, alkyl groups having from 2 to about 8 carbon 
atoms, halogenated alkyl groups having from 2 to about 8 
carbon atoms, aryland halogenated aryl groups having from 
6 to about 8 carbon atoms and wherein the compound is a 
Solid at ambient temperature, and with the proviso that when 
Y is 2 and B is ethyl that R and R cannot both be methyl. 
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8 
6. The composition of matter of claim 5 wherein the 

organic polymeric material is Selected from the group con 
Sisting of polyurethane foams, other polyurethane contain 
ing compositions, and compositions containing polyesters, 
Styrenic polymers, polyvinyl chloride, polyvinyl acetates or 
polycarbonates. 

7. The composition of matter of claim 6 wherein the 
organic polymeric material is a polyurethane foam. 

8. The composition of matter of claim 5 wherein R and 
R are each independently Selected from the group consist 
ing of hydrogen, halogens, aryl and halogenated aryl groups 
having from 1 to 4 carbon atoms. 

9. The composition of matter of claim 8 wherein R and 
R are halogenated methyl groups. 

10. The composition of matter of claim 5 wherein R and 
R are each independently Selected from the group consist 
ing of hydrogen, halogens, aryl and halogenated aryl groups 
having from 6 to 8 carbon atoms. 

11. The composition of matter of claim 5 wherein Y is 1 
and each B is independently Selected from the group con 
Sisting of hydrogen, alkyl groups having from 2 to about 8 
carbon atoms and halogenated alkyl groups having from 2 to 
about 8 carbon atoms. 

12. The composition of matter of claim 5 comprising a 
polyurethane foam and a fire retardant amount of a com 
pound having the formula: 
A-N-B- 

wherein A is 

CF ych-ov 
C P-CH2-, 

/ N / 
CH3 CH-O 

Y is 1 or 2 and each B is independently selected from the 
group consisting of hydrogen, alkyl groups having 2 to about 
8 carbon atoms, halogenated alkyl groups having from 2 to 
about 8 carbon atoms, aryl and halogenated aryl groups 
having from 6 to about 8 carbon atoms and wherein the 
compound is a Solid at ambient temperature, and with the 
proviso that when Y is 2 and B is ethyl that R and R cannot 
both be methyl. 

13. A proceSS for the production of compounds having the 
formula: 

A-N-B- 
wherein A is 

CH-O O 
NII 
P-CH2-, 

CH-O 

R1 
N / 
C 

/ N 
R2 

R and R2 are independently Selected from the group con 
Sisting of hydrogen, halogens, alkyl groups having from 1 to 
4 carbon atoms, halogenated alkyl groups having from 1 to 
4 carbon atoms, aryland Substituted aryl groups having from 
6 to 8 carbon atoms and halogenated aryl and halogenated 
Substituted aryl groups having from 6 to 8 carbon atoms, Y 
is 1 or 2 and each B is independently Selected from the group 
consisting of hydrogen, alkyl groups having from 2 to about 
8 carbon atoms, halogenated alkyl groups having from 2 to 
about 8 carbon atoms, aryl and Substituted aryl groups 
having from 6 to about 8 carbon atoms and halogenated aryl 
and halogenated Substituted aryl groups having from 6 to 
about 8 carbon atoms, comprising the Steps of: 

(a) adding phosphorus trichloride to a mixture of a 
1,3-diol derivative and water and an organic Solvent at 
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a temperature of from about 10 C. to about 60° C. to 
produce a 5,5-di-substituted 1,3,2- 
dioxaphosphorinane-2-oxide having the general for 
mula: 

CH-O O 
NII 
/ 

CH-O 

R1 
N / 
C 

/ N 
R2 

wherein R and R are independently Selected from the 
group consisting of hydrogen, halogens, alkyl groups having 
from 1 to 4 carbon atoms, halogenated alkyl groups having 
from 1 to 4 carbon atoms, aryl and Substituted aryl groups 
having from 6 to 8 carbon atoms and halogenated aryl and 
halogenated Substituted aryl groups having from 6 to 8 
carbon atoms, 

(b) purifying the 5,5-di-substituted 1,3,2- 
dioxaphosphorinane-2-oxide; 

(c) reacting the 5,5-di-substituted 1,3,2- 
dioxaphosphorinane-2-oxide, paraformaldehyde and 
an amine having the general formula: 
BNH, 

wherein Y is 1 or 2 and each B is independently selected 
from the group consisting of hydrogen, alkyl groups having 
from 2 to about 8 carbon atoms, halogenated alkyl groups 
having from 2 to about 8 carbon atoms, aryl and Substituted 
aryl groups having from 6 to about 8 carbon atoms and 
halogenated aryl and halogenated Substituted aryl groups 
having from 6 to about 8 carbon atoms in an organic Solvent 
to produce a (1,3,2-dioxaphosphorinanemethan) amine com 
pound having the general formula: 
A-N-B- 

wherein A is 

CH-O O 
NII 
P-CH2-, 

CH-O 

R1 
N / 
C 

/ N 
R2 

R and R2 are independently Selected from the group con 
Sisting of hydrogen, halogens, alkyl groups having from 1 to 
4 carbon atoms, halogenated alkyl groups having from 1 to 
4 carbon atoms, aryland Substituted aryl groups having from 
6 to 8 carbon atoms and halogenated aryl and halogenated 
Substituted aryl groups having from 6 to 8 carbon atoms, Y 
is 1 or 2 and each B is independently Selected from the group 
consisting of hydrogen, alkyl groups having from 2 to about 
8 carbon atoms, halogenated alkyl groups having from 2 to 
about 8 carbon atoms, aryl and Substituted aryl groups 
having from 6 to about 8 carbon atoms and halogenated aryl 
and halogenated Substituted aryl groups having from 6 to 
about 8 carbon atoms, and 

(f) purifying and drying the (1,3,2- 
dioxaphosphorinanemethan) amine compound. 

14. A proceSS for the production of compounds having the 
formula: 

A-N-B- 
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10 
wherein A is 

CH3 CH-O O 
N / NII 
C P-CH2-, 

/ N / 
CH3 CH-O 

Y is 1 or 2 and each B is independently selected from the 
group consisting of hydrogen, alkyl groups having from 2 to 
about 8 carbon atoms, halogenated alkyl groups having from 
2 to about 8 carbon atoms, aryl and Substituted aryl groups 
having from 6 to about 8 carbon atoms and halogenated aryl 
and halogenated Substituted aryl groups having from 6 to 
about 8 carbon atoms comprising the Steps of 

(a) adding phosphorus trichloride to a mixture of neopen 
tyl glycol and water and an organic Solvent at a 
temperature of from about 10 C. to about 60° C. to 
produce a 5,5-dimethyl 1,3,2-dioxaphosphorinane-2- 
Oxide having the general formula: 

CH3 
N / 
C 

/ N 
CH3 

CH-O O 
NII 
P-H 

/ 
CH-O 

(b) purifying the 5,5-dimethyl 1,3,2-dioxaphosphorinane 
2-oxide; 

(c) reacting the 5,5-dimethyl 1,3,2-dioxaphosphorinane 
2-oxide, paraformaldehyde and an amine having the 
general formula 
BNH, 

wherein Y is 1 or 2 and each B is independently selected 
from the group consisting of hydrogen, alkyl groups having 
from 2 to about 8 carbon atoms, halogenated alkyl groups 
having from 2 to about 8 carbon atoms, aryl and Substituted 
aryl groups having from 6 to about 8 carbon atoms and 
halogenated aryl and halogenated Substituted aryl groups 
having from 6 to about 8 carbon atoms, in an organic Solvent 
with an acid catalyst to produce a (1,3,2- 
dioxaphosphorinanemethan) amine compound having the 
general formula: 
A-N-B- 

wherein A is 

CH3 
N / 
C 

/ N 
CH3 

CH-O O 
NII 
P-CH2-, 

CH-O 

Y is 1 or 2 and each B is independently selected from the 
group consisting of hydrogen, alkyl groups having from 2 to 
about 8 carbon atoms, halogenated alkyl groups having from 
2 to about 8 carbon atoms, aryl and Substituted aryl groups 
having from 6 to about 8 carbon atoms and halogenated aryl 
and Substituted aryl groups having from 6 to about 8 carbon 
atoms, and 
(d) purifying and drying the (1,3,2- 

dioxaphosphorinanemethan) amine compound. 
15. The composition of claim 1 wherein Y is 1. 
16. The composition of claim 5 wherein Y is 1. 

k k k k k 


